Abstract -Aims: Previous studies investigating dose-response relations between volume of drinking and diseases have focused on single diseases only. Until now, the relation between the drinking volume and the risk of having any alcohol-attributable disease is largely unknown. The aim of the present study is to investigate to what extent is the risk of diseases with different alcoholattributable fractions (AAFs) predicted by daily alcohol consumption (>120 g, 61-120 g vs 31-60 g). Methods: The sample consisted of 805 inpatients classified as at-risk drinking, aged 18-64 years hailing from four general hospitals in North-eastern Germany. Inpatients were classified into three groups (AAF = 1, AAF < 1, AAF = 0). Group differences regarding alcohol-related variables, smoking, and demographics were analysed. A multinomial logistic regression analysis was conducted to predict the risk of diseases with AAF = 1 and AAF < 1. Results: In our sample, 26.6% of the inpatients showed a disease with AAF = 1, while 20.2% had a disease with AAF < 1. Inpatients consuming >120 g, and inpatients consuming 61-120 g revealed significantly higher odds for diseases with AAF = 1 compared to inpatients consuming 31-60 g (OR = 6.30, CI = 3.55-11.26; OR = 2.91, CI = 1.64-5.13). Regarding diseases with AAF < 1, inpatients consuming >120 g revealed significantly higher odds compared to the inpatients consuming 31-60 g (OR = 1.97, CI = 1.15-3.37). Conclusions: A dose-response relation between the level of the drinking volume and the risk of diseases with AAF = 1 was found in this sample of inpatients from the general hospitals.
INTRODUCTION
Alcohol consumption has been attributed to more than 60 medical conditions (Rehm et al ., 2003a) . Although many studies focus on alcohol-related mortality (Britton et al ., 2003) , little is known about alcohol-related diseases among the consumers who are still alive. In the past, research on alcohol-related health consequences has investigated doseresponse relations between alcohol consumption and the risk of specific alcohol-related diseases. For example, a metaanalysis revealed a twofold increased risk of cirrhosis of the liver, a 24-31% increased risk of cancers of the pharynx and larynx, and a 40-70% increased risk of breast cancer for persons with a daily alcohol consumption of approximately 20 g compared to abstainers (Anderson et al ., 1993) . Another meta-analysis explored the association between alcohol consumption and the risk of 14 major alcohol-related neoplasms, non-neoplastic diseases, and injuries (Corrao et al ., 2004) . It revealed that the risk of cancer of the oral cavity, oesophagus and larynx, hypertension, liver cirrhosis, chronic pancreatitis, as well as injuries and violence, significantly increased with the amount of alcohol consumed starting from a daily consumption of 25 g compared to light consumption.
Alcohol consumption increases the craving for smoking in cigarette smokers and vice versa (Burton and Tiffany, 1997) . Synergistic effects between alcohol consumption and tobacco smoking have been reported in several studies. For example, the two habits have a synergistic effect on the risk *Author to whom correspondence should be addressed at: Ernst-Moritz-Arndt-University of Greifswald, Institute of Epidemiology and Social Medicine, Walther-Rathenau-Str. 48, 17487 Greifswald, Germany. Tel: (+49) 383486 7540; Fax: (+49) 383486 7701; E-mail: katharina.lau@uni-greifswald.de of oesophageal cancer among moderately exposed individuals (Castellsague et al ., 1999) .
Diseases may be classified according to their alcoholattributable fractions (AAFs) into two groups (Rehm et al ., 2006b ): (i) Diseases wholly attributable to alcohol by definition (AAF = 1), e.g. alcoholic neuropathy and alcoholic gastritis, and (ii) diseases partially attributable to alcohol (AAF < 1), e.g. malignant neoplasms and cardiovascular diseases. AAFs have been defined as the proportion by which disease cases, injury events, or deaths would be reduced if alcohol use and misuse were eliminated among the population (Shultz et al ., 1991) .
Little is known about alcohol-attributable diseases among the general hospital inpatients. In general hospitals, inpatients with alcohol-related diseases seem to constitute a large proportion of the inpatients. In one hospital for example, 21% (29.3% of the men and 9.4% of the women) of the inpatients were found to have an alcohol-related disease (Gerke et al ., 1997) .
Previous studies on alcohol-related diseases contain several limitations: Firstly, only specific alcohol-related diseases were considered in the single studies (e.g. Anderson et al ., 1993) . Secondly, data was limited to one general hospital only (e.g. Gerke et al ., 1997) or to one special ward, such as emergency rooms (e.g. McDonald et al ., 2004) . Thirdly, alcohol-related morbidity was not as well investigated as alcohol-related mortality (e.g. Britton and McPherson, 2001; Rehm et al ., 2006a) . Fourthly, the majority of studies on alcohol-related health consequences were based on older database using ICD-9 coding for medical conditions (e.g. Rehm et al ., 2003b) . Lastly, the volume of drinking was often categorized using non evidence-based threshold values (e.g. Boffetta et al ., 2006) . To our knowledge, there is no study providing data on alcohol-related diseases in the general hospitals from an entire geographical region encompassing the following conditions: (i) focusing on any alcohol-related diseases; (ii) comprising more than one general hospital and more than one ward; (iii) using ICD-10 coding for disease conditions; and (iv) categorizing alcohol consumption using evidencebased threshold values.
The aim of the present study is to provide data on alcoholrelated diseases in a general hospital inpatient population with alcohol-related problems from one region of Germany and to investigate dose-response relations between the volume of drinking and alcohol-attributable diseases. (Statistisches Landesamt, 2005) . A total of 29 wards, including internal medicine, surgical medicine, dermatology, orthopedy as well as ear, nose, and throat units were included. The recruitment is described in more detail elsewhere (Freyer et al ., 2007) .
METHOD

Sample recruitment
All inpatients between 18 and 64 years, with a minimum stay of 24 h were screened using the German Adaptation of the Alcohol Use Disorder Identification Test (AUDIT, Saunders et al ., 1993) and the Luebeck Alcohol Screening Test (LAST, Rumpf et al ., 1997) with cut-off values of eight and two, respectively. Patients meeting one or both of these cut-off values were considered to be screening positive. A positive screening result was obtained for 2337 inpatients and they were asked to further participate in the study. Those giving informed consent were then assessed using the alcohol section of the German adaptation of the computerized Composite International Diagnostic Interview (M-CIDI, Wittchen and Pfister, 1997; Lachner et al ., 1998) . The M-CIDI is a standardized software program based on DSM-IV (American Psychiatric Association, 1995) criteria. The alcohol section isolates current (past 12 months) from prior alcohol abuse and dependence. At-risk drinking was determined by a quantity-frequency-index based on the conventions of the BMA (British Medical Association, 1995) . The BMA regards an average daily alcohol consumption of more than 20 g for women and more than 30 g for men as at-risk drinking. Another criterion for at-risk drinking was occasional heavy drinking, which was assessed with the question 'How often within the past 12 month did you drink five (for women) or eight (for men) drinks on one occasion?'. Inpatients reporting at least two times per month of drinking beyond the criterion mentioned were also considered as at-risk drinkers. Using the M-CIDI, 26.0% (N = 608) were classified as false-positives, 19.2% (N = 448) met the criteria for alcohol dependence in the past but not in the past 12 months and 54.8% (N = 1281) had a current alcohol problem (alcohol dependence, abuse, or at-risk drinking). Of these, 76.9% (N = 985) were identified as drinking beyond safe levels (>20/30 g). Ninety-one percent (N = 899) gave informed consent for further study participation. The remaining inpatients refused study participation (N = 54) or did not take further part in the study for other reasons, e.g. early discharge (N = 32). Because of the low proportion of women in the sample (5.9%), all 53 women were excluded. Thus, the final sample consisted of 846 men.
Hospital diagnoses
To classify inpatients into three groups of AAFs, all general hospitals provided one routine principal diagnosis and one secondary diagnosis for each inpatient. The diagnoses were based on ICD-10 (World Health Organization, 1992). Hospital diagnoses were missing for 41 inpatients which led to the exclusion of these cases from the final sample (N = 805). Classification of the hospital diagnoses was done according to their relation to alcohol following the approach of Rehm et al . (2006a) . ICD-10 codes indicating diseases 100% attributable to alcohol by definition (e.g. alcoholic gastritis), were assigned an AAF of 1 (AAF = 1). ICD-10 codes indicating diseases partially attributable to alcohol (e.g. oesophageal cancer) were assigned an AAF of less than 1 (AAF < 1). Diseases with no causal relation to alcohol or diseases, where alcohol was found to have a preventive effect (e.g. diabetes mellitus) were assigned AAF = 0.
Measures
Alcohol consumption was assessed using the quantityfrequency questions of the M-CIDI. Quantity was assessed using the standard drinks. Standard drinks were converted into grams of pure alcohol, based on the type of the beverage and its volume percentage. Frequency was assessed using five categories: almost daily, 3-4 times a week, 1-2 times a week, 1-3 times a month, and less than once a month. A quantity-frequency-index was computed using the mean of the frequency categories. The mean alcohol consumption was categorized into three groups: >120, 61-120, and 31-60 g (Bühringer et al ., 2002) . The number of drinking years was calculated on the basis of the age of the onset of the highest lifetime alcohol consumption provided by the M-CIDI.
Smoking status was assessed on the basis of two conditions. First, inpatients were asked whether they had ever smoked about 100 or more cigarettes (yes/no). If so, they were asked 'Do you currently smoke?' with four response categories (yes, daily; yes, occasionally; no, for less than 6 months; no, for more than 6 months). Additionally, the mean number of cigarettes smoked per day was obtained.
The following demographics were assessed: age, having one intimate partner, having own children, employment status, and school education.
Data analysis
Descriptive statistics and a multinomial logistic regression analysis were conducted using SPSS 14.0 (SPSS Inc., Chicago, IL). For the effect size estimate we used Cramer's ' for categorical variables and f for continuous variables (Cohen, 1988) . Using ANOVAs and χ 2 -statistics, group differences between inpatients with diseases with AAF = 1, with AAF < 1, and those with AAF = 0 regarding alcoholrelated variables, smoking, and demographics were analysed. To identify group differences, Scheffé post hoc analyses were conducted for continuous variables. A multinomial logistic regression analysis was conducted to investigate the influence of drinking volume on the risk of diseases with AAF = 1, and on the risk of diseases with AAF < 1, with drinking category 31-60 g as reference category and AAF = 0 as the comparison group. Compared to logistic regression, multinomial logistic regression is more general because the dependent variable is not restricted to the two categories. We adjusted for group differences (age, intimate partner, children, employment status, school education, number of drinking years, and the smoking status) and for clustering at hospital levels. Odds ratios (OR) and 95% confidence intervals (CI) are reported.
RESULTS
Sample description
As depicted in Table 1 , 26.6% of the inpatients had a disease with AAF = 1 and 20.2% had a disease with AAF < 1. Among the inpatients, 31.4% consumed >120 g, 34.4% consumed 61-120 g, and 34.2% consumed 31-60 g pure alcohol per day. The rate of the current smokers was 71.8%.
Characteristics of the AAF groups
The three AAF groups differed significantly in terms of alcohol-related variables, smoking, and demographics (Table 2 ). Compared to inpatients with diseases with AAF < 1 and AAF = 0, inpatients with diseases with AAF = 1 had the highest daily alcohol consumption, the highest proportion of inpatients who consumed >120 g per day and the highest proportion of current smokers. Compared to inpatients with AAF = 0, those with AAF = 1 smoked a higher number of cigarettes per day. Regarding cigarettes smoked per day, inpatients with diseases with AAF < 1 did not differ from those with AAF = 0. Inpatients with AAF < 1 were older and had a higher number of drinking years compared to inpatients with AAF = 1, but also compared to inpatients with AAF = 0. In our database, almost all medical conditions according to the classification of Rehm et al . (2006a) were found. Diseases not found in our database include certain forms of cancer (e.g. cancer of the lip), alcoholic cardiomyopathy, and ICD-10 codes starting with X, Y, or Z representing unintentional injuries. Regarding the single disease categories, the mean daily alcohol consumption ranged between 94.26 g (cerebrovascular diseases) and 127.39 g (diabetes mellitus).
Multinomial regression analysis
Inpatients consuming >120 g and inpatients consuming 61-120 g showed higher odds for diseases with AAF = 1 compared to inpatients consuming 31-60 g. Regarding diseases with AAF < 1, inpatients consuming >120 g showed increased odds compared to inpatients consuming 31-60 g (Table 3 ).
DISCUSSION
The three main findings of the study are: Firstly, 46.8% of all male inpatients admitted to the participating wards, and with a daily alcohol consumption of more than 30 g had a disease attributable to alcohol. Secondly, the data revealed a doseresponse relation between the amount of alcohol consumed and the degree of AAF. Thirdly, an extremely high proportion of current smokers was found among the inpatients with alcohol-related problems.
Our findings support data from a different German study which showed that 13.4% of all inpatients of a general hospital were treated because of definitely alcohol-related diseases, and 39.1% were treated due to possibly alcoholattributable diseases (Gerke et al ., 1997) . However, the study by Gerke et al . (1997) was limited to one hospital and this study suffered from not using international standards for the definition of alcohol-attributable diseases. Results from earlier studies demonstrating a dose-response relation between the volume of drinking and the risk of specific alcohol-related diseases (e.g. Anderson et al ., 1993; Bondy et al ., 1999; Corrao et al ., 1999 Corrao et al ., , 2004 were supported by our study. Our findings reveal that compared to inpatients consuming 31-60 g, the chances of having a disease with AAF = 1 was three times higher for inpatients consuming 61-120 g and six times higher for inpatients consuming >120 g. Moreover, inpatients consuming >120 g were twice as likely to have a disease with AAF < 1 than those inpatients consuming 31-60 g. Table 2 . Sociodemographic and alcohol-related characteristics of the sample based on groups with different alcohol-attributable fractions of hospital diagnoses 
f Due to skewed data, the variable was log transformed for analysis. The proportion of current smokers was extremely high in this sample of male inpatients with alcohol-related problems compared to the proportion of current smokers in the general population. This finding is in accordance with extremely high proportions of daily smokers found among persons who are at-risk drinking (John et al ., 2003a) , and also among alcohol dependent persons (Daeppen et al ., 2000) . Inpatients with AAF = 1 had a higher proportion of current smokers and were heavier smokers than the inpatients with AAF < 1, or AAF = 0. However, inpatients with AAF < 1 and those with AAF = 0 did not differ regarding smoking. Smoking may have added to diseases less than 100% attributable to alcohol, but also to those not attributable to alcohol (e.g. lung cancer). Several studies reported co-occurrence of diseases attributable to alcohol consumption and smoking (e.g. John et al ., 2003b) . Thus, it might be possible that the inpatients in our sample who are severely affected by diseases resulting from problematic drinking, could also be suffering from a tobacco-attributable disease, e.g. cancers of the trachea, bronchus and lung, or arteriosclerosis.
The present study adds new information on the following aspects: (i) A reduction in the sample selection bias by including four general hospitals representing a variety of wards of a mixed rural and urban region. (ii) Any alcoholrelated diseases associated with inpatient hospital treatment in the study region were included. (iii) ICD-10 codes for disease conditions were used. (d) Alcohol consumption was assessed using evidence-based drinking categories.
A few limitations of the study should be considered. Firstly, our analyses are based on the principal diagnosis and on one secondary diagnosis only. As additional secondary diagnoses may have included diagnoses with AAF = 1 or AAF < 1, information on alcohol-related diseases might be more reliable when considering more than one secondary diagnosis. We were not able to consider several secondary diagnoses, because not all hospitals supplied more than one secondary diagnosis. Secondly, the validity of the hospital diagnoses may be questionable. We cannot rule out that diagnoses were biased because of economic considerations of inpatient care. Thirdly, according to Rehm's et al . (2006a) classification of diseases attributable to alcohol, the ICD-10 codes starting with X, Y, or Z representing unintentional injuries did not appear in our database. Instead, unintentional injuries received codes starting with S and T, which were not classified by Rehm et al . (2006a) . Thus, unintentional injuries were assigned AAF = 0, which may have led to an underestimation of diseases with AAF < 1. Fourthly, as we recruited inpatients with alcohol problems only, we did not have informed consent to obtain hospital diagnoses of inpatients with moderate alcohol consumption, or from the abstainers. Fifthly, women were excluded from our analyses.
We conclude that alcohol-related diseases are highly prevalent among male general hospital inpatients with alcoholrelated problems, and that there is a dose-response relation between the volume of drinking and risk of diseases with AAF = 1.
